Cognitive remediation therapy (CRT) has emerged as a viable treatment option for people diagnosed with schizophrenia presenting disabling cognitive deficits. However, it is important to determine which variables can influence response to CRT in order to provide cost-effective treatment. This study's aim was to explore cognitive insight as a potential predictor of cognitive improvement after CRT. Twenty patients with schizophrenia completed a 24-session CRT program involving 18 hours of computer exercises and 6 hours of group discussion to encourage generalization of cognitive training to everyday activities. Pre-and posttest assessments included the CogState Research Battery and the Beck Cognitive Insight Scale (BCIS). Lower self-certainty on the BCIS at baseline was associated with greater improvement in speed of processing ( = −0.48; < 0.05) and visual memory ( = −0.46; < 0.05). The results of this study point out potential associations between self-certainty and cognitive improvement after CRT, a variable that can easily be measured in clinical settings to help evaluate which patients may benefit most from the intervention. They also underline the need to keep investigating the predictors of good CRT outcomes, which can vary widely between patients.
Introduction
Over the years, many types of psychosocial interventions for improving cognitive abilities have been developed, most of which are referred to as cognitive remediation therapy (CRT). Recent meta-analyses on the efficacy of CRT have shown significant improvement on a global composite score of cognition as well as in several distinct cognitive domains (attention/vigilance, speed of processing, verbal working memory, verbal learning and memory, reasoning/problem solving, and social cognition) [1] [2] [3] . Additionally, metaanalyses that have investigated symptoms and functioning using global composite scores tend to show small, yet significant improvements in symptom severity and moderate improvements in functioning following the CRT interventions [2, 3] . Although CRT has been shown to be effective, efforts should be made towards providing this type of intervention in the most cost-effective way for the psychiatric population. Further investigations are needed to determine which variations in treatment and patient characteristics yield the most significant improvements [3] [4] [5] .
One potential patient characteristic influencing CRT efficacy may be the level of insight displayed by patients. Insight is a multifaceted construct that is often subdivided into clinical and cognitive insight. Clinical insight encompasses the awareness and attributions made towards illness, symptoms, and need for treatment [6] whereas cognitive insight can be construed as the metacognitive processes involved in reflecting on one's own experiences and thoughts (selfreflectiveness) and in the willingness to reevaluate beliefs (self-certainty) [7] . As a whole, poor insight, whether clinical or cognitive, is considered an obstacle for treatment delivery 2 Schizophrenia Research and Treatment as well as community and psychosocial functioning [6] . It has also been associated with poorer cognitive performance [8] . When thinking of patient characteristics that may interfere with improvement in CRT, the metacognitive processes of cognitive insight are of special interest since they represent either a cognitive bias (self-certainty) or a cognitive style (self-reflectiveness) that is likely to influence the patients' experience of the intervention, beyond whether or not they are aware of their difficulties.
In the existing literature, cognitive insight as measured by the Beck Cognitive Insight Scale (BCIS) has shown interesting associations with verbal memory in first-episode psychosis patients. Specifically, greater self-certainty was significantly associated with poorer verbal memory [9] and later with smaller hippocampal volume [10] , but no such correlations were found with clinical insight measures. Moreover, links have been found between the BCIS scores and the outcome of another type of psychosocial intervention: cognitive-behavioral therapy (CBT). For instance, improvements in BCIS scores were significantly correlated with improvements in positive and negative symptom levels [11, 12] . Studies have also found that greater BCIS scores from the outset of CBT predicted the decrease in the severity of positive and negative symptoms after treatment [11, 13] . Better cognitive insight may positively influence CBT outcome because the BCIS scores putatively reflect a willingness to revisit beliefs and to reappraise them (self-reflectiveness) as well as a level of flexibility conducive to change (selfcertainty). If predispositions such as these can lead to being more receptive to CBT, it is possible they could have a similar positive influence on the outcome of other cognition-based psychosocial interventions, including CRT.
The objective of this study is to evaluate whether cognitive insight as measured with the BCIS is associated with cognitive improvement in patients suffering from enduring schizophrenia following CRT. We expect that patients with greater cognitive insight but with domain-specific cognitive impairment prior to starting CRT are more likely to improve on a standardized neurocognitive battery.
Methods

Participants.
Treatment teams of a psychosis program within a public mental health institute referred patients with possible cognitive impairments. Clinicians were given a pamphlet containing information on cognition and the current study to encourage them to refer any patients they felt could benefit from CRT. This allowed us to receive as many referrals as possible while leaving it to our trained research assistants to determine patient eligibility. Patients not meeting eligibility criteria were contacted to explain why and were still offered to participate in the intervention if they wanted. If the patients decided to engage in the CRT, they were offered the same treatment as study patients but without a post-CRT evaluation, and their baseline data was not included in any subsequent analyses.
Patients were eligible if they (1) had received a diagnostic of a schizophrenia spectrum disorder from their psychiatrist, verifiable in their medical file, (2) were between 18 and 50 years of age, (3) showed sufficient clinical stability to sit through the 1-hour long CRT sessions, and (4) showed a deficit on at least one cognitive domain on an objective measure (1.5 standard deviations or less below average). Patients were excluded if (1) they had an IQ of 70 or less as determined by the WASI [14] , (2) they met the criteria for an active substance or alcohol abuse diagnosis, (3) they had a traumatic brain injury within the past 3 years, or (4) they did not understand sufficiently the study or were not able to provide informed consent. Recruitment of patients was completed as part of a larger study on cognition and brain imaging for which the research protocol (including the study presented here) was approved by the appropriate research ethics boards.
Intervention.
The CRT program was implemented in an intensive rehabilitation unit as part of a feasibility study destined to integrate CRT into standard practice. The groupbased, computer-assisted CRT sessions were led by either one or two trained therapists from a team of four (one graduate student, one occupational therapist, one school teacher, and one clinical neuropsychologist). Groups were composed of two to six patients, on a rolling-admission basis. Each session started with 45 minutes of individual computer activities and ended with a 15-minute group discussion on cognition in everyday life and strategy coaching. This program was designed to include both the drill-and-practice and the strategy coaching approaches described in the literature [2, 3, 5, 15] . Computer activities were preselected to train speed of processing, attention, and memory during the first 12 sessions and memory and executive functions in the last 12 sessions. The software used included Math Arena6 and Thinkin' Things6 Collections 1, 2, and 3. These are commercially available software programs and feature engaging graphics, adjustable difficulty levels, and feedback.
Measurements
Clinical Variables.
Chart review provided a confirmation of the patient's diagnoses and medication information at the start and completion of CRT. Symptom levels were measured using the Scale for Assessment of Positive Symptoms (SAPS) [16] and the Scale for Assessment of Negative Symptoms (SANS) [17] . The SANS total score was calculated without the attention items because of their overlap with the cognitive variables. We also removed the items of poverty of content of speech (from the alogia scale) and inappropriate affect (from the affective flattening scale) since factor analytic studies showed these to belong to the disorganized symptom cluster [18, 19] . Symptoms were evaluated at baseline and after CRT completion for a better characterization of our sample.
Cognitive Measures.
Initial assessment of participants included the WASI [14] for IQ evaluation. Participants also completed the CogState Research Battery (CSRB) for the following domains: speed of processing, attention/vigilance, working memory, visual learning and memory, verbal learning and memory, reasoning/problem solving, and social cognition. Details on the nature of the tasks in the CSRB as well as their validity and reliability in schizophrenia have been described elsewhere [20, 21] . The WASI and CSRB were both administered at baseline; only the CSRB was readministered after the CRT.
Insight Measure.
The BCIS was administered before and after CRT [7] . Scores derived from the scale include Self-Reflectiveness and Self-Certainty. Self-reflectiveness is thought to be beneficial for cognitive insight; therefore, a high score on this scale suggests good cognitive insight. Selfcertainty on the other hand is thought to be detrimental to cognitive insight and a high score on this scale suggests poor cognitive insight.
Statistical Analyses.
A composite score was calculated for each cognitive domain in the CSRB by averaging thescores for all tests within each domain and a global composite score was calculated by averaging -scores of all individual tests. -scores were derived using normative data from 35 healthy subjects that were also recruited as part of the larger cognition and brain imaging study but did not take part in any treatment and were tested with the CSRB only once. Table 1 shows the demographic variables on which they were matched to the patients. Pearson product-moment correlations were used initially to explore relationships between insight, cognitive performance, and change in cognitive performance. Since multiple correlations of > 0.3 were found between baseline BCIS scores and baseline cognitive performance, partial correlations were subsequently used to evaluate the associations between baseline BCIS scores and change in cognitive performance while controlling for the baseline cognitive performance level. All analyses were conducted using SPSS version 21 (SPSS, Chicago, IL, USA) and were two-tailed with a critical value of 0.05, including for BCIS correlations due to the exploratory nature of correlating cognitive domains individually with the insight scores. In addition to -values, percentage of variance explained was also considered (squared partial correlation coefficients). All variables were normally distributed.
Results
Demographic and Clinical Variables.
Thirty-three patients were enrolled in the study and 20 completed the 24 sessions. Patients took on average 15.83 weeks to complete all Table 2 shows the demographic and clinical variables for patients who completed the study, including follow-up measurements, when available, for completeness. Among the clinical data, we have observed a statistically significant difference between the baseline SAPS total score and the follow-up SAPS total score (see Table 2 ). There were no other statistically significant differences between baseline and follow-up measurements available. Table 3 shows the partial correlation coefficients for the three BCIS scores and each cognitive domain and Figure 1 shows the significant correlations. When baseline cognitive performance was controlled for, lower BCIS self-certainty at pretest was significantly associated with improvement in speed of processing ( = 0.039, variance explained: 23%) and visual memory ( = 0.045, variance explained: 22%). To verify that general intellectual ability did not play a role in cognitive change before and after CRT, the correlations between estimated fullscale IQ (WASI FSIQ) and change in cognitive performance in each domain were calculated. All correlations were found to be well over = 0.100.
Baseline Insight and Change in Cognition.
Discussion
The goal of this study was to investigate the relationship between patients' cognitive insight levels before starting a computer-assisted CRT and their subsequent improvement in cognition. After controlling for baseline cognitive performance, we found that higher initial cognitive insight, as measured with the self-certainty score only, was significantly correlated with greater improvement in speed of processing and visual memory. Hence, our study suggests that the BCIS whose self-administration is very brief, can be used to identify participants who are likely to benefit more from CRT. The differentiation we have found between self-reflectiveness and self-certainty is not surprising since the two variables are not extremes on a continuum, but rather different components of cognitive insight [7] . The constructs behind the BCIS scales capture the ability to objectively observe one's own mental productions (self-reflectiveness) and the resistance to correction (self-certainty). Ultimately, even if one can effectively reflect on his/her experiences and interpretations, if he/she is resistant to correction or overly certain about being right, this is likely to undermine the effectiveness of any psychosocial intervention, including CRT. When presented with the opportunity to try to improve their cognitive abilities, patients who believe their abilities are optimal, regardless of whether this is the case, may refuse the intervention. Notably, schizophrenia patients are thought to show limited insight into their cognitive impairments when they are present [23] . This type of insight is different from what is measured by the BCIS and can potentially explain why patients may or may not agree to participate in the intervention, and this was not our focus here. Once patients do agree to take part in CRT, we wanted to assess their metacognitive processes as measured by the BCIS as these can influence how patients experience CRT. While going through CRT, higher self-certainty about their own abilities may limit the patients' engagement in the computer activities or group participation. Although this is highly speculative, a predisposition to high self-certainty could even prevent motivation to shift from extrinsic to intrinsic, which is what our CRT program would hope to be able to accomplish. More precise investigations of these processes would be necessary to confirm these suggestions. Questions also remain as to why only improvements in speed of processing and visual memory were linked to low self-certainty. In a recent meta-analysis including our previous work, Nair and colleagues [8] have observed that selfcertainty inversely correlated with global cognitive performance, but not self-reflectiveness, and that at the domain level a significant inverse correlation was observed between self-certainty and memory. This supports a link between self-certainty and memory, but it remains unclear why we have found a significant correlation specifically with visual memory. This is especially true considering the results of our previous work, which points to an association of the BCIS measures with verbal memory rather than visual or working memory [9, 10] . However, this work was conducted in first-episode psychosis samples, which may limit its generalizability to the current study conducted with enduring schizophrenia patients. Considering that this is a first exploration of cognitive insight in relation to CRT outcome, the most likely explanation is that lower self-reflectiveness can have a general beneficial impact on CRT efficacy regardless of the cognitive domain, and that the domain-specific findings here are related to the study design. For instance, detectability of correlations could have been influenced by the different psychometric properties of cognitive tests on the CSRB, our small sample, or the modest improvement in performance following the intervention we have observed. Additional studies will be necessary to help elucidate these questions.
In addition to the aforementioned limitations, namely, the absence of a control group in the study design and small sample size, other limitations of this study include the absence of follow-up cognitive evaluation for patients who dropped out. Most patients had between 0 and 8 hours of CRT before dropping out, which we did not believe was enough to elicit significant changes in cognition but could have been verified. Additionally, we were not successful in scheduling the two patients who completed most of the therapy for a followup appointment. Consequently, our drop-out rate was high, close to 40%, which reduced our final sample significantly but was expected in a longitudinal study requiring approximately 28 visits over 3 to 4 months.
Conclusion
Although the statistical significance threshold was not corrected to preserve power in our small sample size, our findings point to a potential contributing factor to the heterogeneity observed in CRT outcomes. We believe these results warrant further examination, for example, in a randomizedcontrolled trial, to verify whether they can be replicated. Should the relationship highlighted here be confirmed, the BCIS could be a simple tool to help clinicians better anticipate CRT outcome. Ultimately, it would be interesting to investigate whether it is possible to lower self-certainty through psychosocial intervention and whether this would potentiate the effects of CRT on cognitive performance.
